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IN  THE  LAKE  STATES 
By    S.  R.  Gevorkiantz  and  Lucille  P.  Olsen 


INTRODUCTION 


Balsam  fir  has  been  increasing  in  the  Lake  States  during  recent  decades. 
Mainly  responsible  are  improved  fire  protection,  the  species'  ability  to  re- 
produce readily,  and  its  inherent  tolerance  or  capacity  to  endure  shade. 
Since  it  is  a  valuable  pulpwood  and  since  the  supply  of  spruce  pulpwood  has 
been  rapidly  declining,  a  demand  has  arisen  for  knowledge  on  the  growth  and 
development  of  balsam  fir.    To  meet  this  need  the  Lake  States  Forest  Experi- 
ment Station,  in  cooperation  with  various  industrial  , state,  and  federal  groups, 
during  1948  collected  growth  information  on  balsam  fir  over  the  three  Lake 
States, 

From  the  analysis  of  these  data  there  has  been  developed  a  set  of  tables  for 
predicting  growth  of  balsam  fir  as  it  occurs  in  stands  of  different  densities 
and  mixtures  with  other  species  on  upland  sites  (see  tabular  section).  The 
accompanying  text  is  intended  primarily  to  explain  the  application  of  the 
tables  in  the  field. 

This  study  has  been  restricted  to  upland  balsam  fir  undisturbed  by  very  recent 
cuttings  or  fire.     It  includes  stands  in  narrow  belts  around  swamps  or  on 
moist  upland  mineral  soils  but  not  true  bog  sites.    Although  found  occasionally 
in  almost  pure  stands,  balsam  fir  occurs  more  frequently  as  a  component  of  such 
types  as  aspen-birch,  spruce-balsam,  northern  hardwood,  ash-elm,  northern 
white-cedar,  and  occasionally  hemlock  or  pine.     In  these  stands  balsam  fir 
seldom  is  strictly  even-aged.    Usually  there  are  remnants  of  former  stands 
and  an  understory  of  recently  established  reproduction. 

When  mixed  with  other  species  balsam  fir  encounters  varying  degrees  of  competi- 
tion which  affect  its  growth  and  development.     It  may  occur  in  clusters  or 
scattered  uniformly  throughout  the  stand.    The  density  of  such  stands  may  again 
vary  considerably  from  place  to  place.    Therefore,  in  evaluating  growth  allow- 
ance must  be  made  for  the  diversity  of  conditions  such  as  varying  composition, 
density,  age,  site,  and  competition  with  other  species.    The  problem  is  more 
complicated  than  that  usually  encountered  in  yield  table  studies  and  requires 
a  somewhat  different  approach. 


1/  Maintained  at  University  Farm,  St.  Paul,  Minnesota,  in  cooperation  with  the 
University  of  Minnesota. 


FACTORS  AFF3CTING  GROWTH 


The  stand  characteristics  which  arc  needed  for  evaluation  of  gross  growth  are 
stand  age s  degree  of  competition,  site  quality,  and  proportion  of  balsam  fir. 
A  description  of  each  of  these  factors  is  given  below,  followed  by  a  detailed 
explanation  of  the  field  procedure. 

Stand  Age 

Age,  as  used  in  this  study,  is  that  taken  at  bretst  height.    This  age  was  found 
to  be  less  variable  than  the  total  age  and  showed  better  correlation  with  the 
observed  growth.,    Furthermore,  butt  rot  frequently  interferes  with  the  measure- 
ment of  total  age,  especially  in  the  older  trees. 

In  most  of  the  mixed  stands,  trees  with  ages  ranging  from  85  to  115  percent  of 
the  average  stand  age  contain  about  62  percent  of  the  total  stand  besal  area. 
The  remaining  38  percent  of  the  basal  area  is  equally  divided  between  trees 
less  then  85  percent  and  more  than  115  percent  of  the  average  agei     In  other 
words,  thcire  is  a  main  stand,  with  ages  fairly  closely  distributed  around  the 
average,  plus  younger  individuals  and  occasional  trees  from  former  stands. 

For  convenience,  only  the  age  of  dominant  and  codominant  trees  in  the  main 
stand  was  used.    To  arrive  at  the  average  stand  age,  the  breast-height  ages  of 
these  trees  in  different  diameter  groups  were  averaged  using  basal  areas  as 
rough    weights.     If  the  balsam  fir  is  essentially  even-aged,  no  weighting  is 
needed. 


Competition  Index 

Description  of  Competition 

The  degree  of  density  and  the  amount  of  overhead  competition,  especially  that 
exerted  by  other  species,  are  very  important  fectors  affecting  the  development 
of  balsam  fir.    These  factors  vary  considerably  from  stand  to  stand  and  are 
among  the  most  important  stand  characteristics.    As  a  typical  illustration  of 
these  characteristics,  a  tally  of  three  different  stands,  each  45  years  old  and 
on  similar  sites,  is  presented  in  the  following  tabulations 
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Number  of  trees  Total  basal  area  rercent  of 

by  diameter  groups  rercent  balsam  fir 

of  an  basal  area 

1  to  5  Square      assumed  other  than 

inches    6"+      All  feet        normal  suppressed 

Stand  j^l-Lovj  competitio n 
Balsam  fir 

Suppressed  55        1         56  2.6         ...  . . 

Total                                      143      87        250  59.1  95 

All  species                               263    155     '  418  "   71.4  45 

Stand  #2 -Medium  competition 
Balsam  fir 

Suppressed   275        1        276  10.8 

Total     470     179        649        79.0  86 

All  species....   ~545    236        781      112.1  74 

Stand  #3 -High  compet ition 
Balsam  fir 

Suppressed   52C        8        528        15.1  ... 

Total.   827     193     1,020        87.7  ...  85   

Ail  species..   1,131    311    1,442      150.6  105 

It  is  observed  that  in  the  low  competition  group  the  density  in  terms  of  total 
basal  area  is  less  than  half  that  of  the  high  competition  group,  and  contains 
only  one-sixth  as  much  suppression  in  balsam  fir.    Low  density  and  a  low  degree 
of  suppression,  therefore,  go  hand  in  hand  in  defining  competition  in  a  stand. 

The  effect  of  overhead  competition  is  also  apparent.     The  high  competition  stand 
contains  twice  as  many  trees  6  or  more  inches  d.b.h.  as  the  low  competition 
group,  but  ton  times  as  many  suppressed  balsam  firs*    Overhead  competition, 
therefore,  as  well  as  the  density,  affects  the  amount  of  suppression.     In  the 
example  above,  the  percentages  of  suppressed  balsam  fir  (basal  area)  for  the 
low,  medium,  and  high  competition  groups  are  7,  14,  and  17  percent  respectively. 

Evaluation  of  Competition 


In  order  to  measure  the  combined  effect  on  growth  of  the  degree  of  density  and 
the  amount  of  competition  offered  by  larger  trees,  a  factor  called  the 
competition  index  was  devised.    This  is  expressed  as  a  ratio!    cl  =  C|  where  _d 

P 

is  the  basal  area  of  the  entire  stand  as  a  percent  of  the  assumed  normal  (table 
4) ,  and  r_  is  the  percent  of  the  balsam  fir  basal  area  in  trees  other  than  sup- 
pressed.    In  the  preceding  example,  these  ratios  and  their  combined  effects 
line  up  in  the  following  manner: 


rercent  Basal  area 

of  percent  of 

assumed  balsam  fir 

normal  trees  other 


basal  than  Competition 

area  suppressed  index 

(a)  (p)   (cl  


Stand  #l-Low  competition           45  93  .48 

Stand  ?/ 2 -Medium  competition      74  86  .86 

Stand  rf3-High  competition       105  83  1.27 
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The  assumed  normal  basal  arcs  per  acre  of  all  species  in  the  stand  is  shown  in 
relation  to  average  stand  diameter  (table  4  in  tebular  section).    The  degree  of 
stocking,  therefore,  can  be  determined  by  dividing  the  actual  stand  by  the 
"normal"  basal  area. 

The  amount  of  crowding  as  portrayed  by  the  competition  index  naturally  affects 
the  volume  and  growth  of  balsam  fir.    Generally,  for  any  diameter  both  the 
form  factor  and  the  total  height  of  all  trees  for  any  given  age  and  site  in- 
crease with  the  competition  index.     In  fact  the  difference  in  volume  per  tree 
for  any  d.b.h.  between  the  lowest  and  highest  competition  index  groups  is  as 
much  as  17  percent.    However,  under  similar  age  and  site  conditions  the  average 
diameter  of  balsam  fir  is  greater  under  lovv  competition  and  smaller  under 
higher  competition. 

Because  of  low  density,  the  volume  growth  per  acre  of  stands  having  a  low 
competition  index  is  actually  less  then  that  of  stands  having  a  high  competition 
but  the  rate  of  growth  is  appreciably  higher  due  to  less  crowding  both  from  the 
sides  and  above.     Conversely,  the  stands  of  high  competition  have  a  larger  total 
growth  per  acre  but  a  smaller  rate  of  growth  than  less  dense  stands. 

Change  in  Competition 

2/ 

Degree  of  competition  does  not  remain  the  same—' even  within  a  relatively  short 
period  of  time,  such  as  one  decide,  except  in  very  old  stands  or  in  stands 
where  the  density  is  already  near  the  assumed  normal.    The  density  of  under- 
stocked stands  increases  with  age,  whereas  that  of  overstocked  stands  declines. 
Both,  in  other  words,  tend  to  approach  normality.    The  proportion  of  trees 
other  than  suppressed,  in  turn,  tends  to  increase  with  age  in  all  types  of 
stands.    The  change  in  density  of  stocking  and  the  proportion  of  more  vigorous 
trees  are  reflected  in  the  change  in  competition  index  (table  1). 

It  is  Clear  that  the  greatest  change  in  competition  index  occurs  in  young 
stands  especially  those  which  deviate  considerably  from  normal  stocking  which 
is  approximately  at  competition  index  of  1.2  (table  1). 

To  predict  growth,  therefore,  it  is  necessary  to  make  allowance  for  these 
anticipated  changes  in  the  next  10  and  20  years  (see  tables  7  to  12,  tebular 
section) . 


2/  Tables  13,  14,  and  15  (see  tabular  section)  show  volume  per  acre  in  total 
cubic  feet  and  in  cords  in  relation  to  age,  site,  and  competition  index. 
They  should  not  be  used  for  estimating  growth  since  they  assume  no  change 
in  competition  index  as  the  stands  grow  older. 
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Tab  1c  1. — Estimated  change  in  competition  index  in  10  years 


Present ) 
stand  [ 

p.  £7P 

ae>fc'  , 

Competition  index  10 

years 

hence  when  present 

competition 

index  is» 

•  DU 

• 

.80 

1*00 

1.  d0 

• 

'  1.40 

'  1«60 

Years 

10 

.55 

.76 

.90 

1.06 

1.20 

1.25 

1.  35 

20 

.49 

.70 

.87 

1.03 

1.20 

1.29 

1.41 

30 

.46 

.67 

.84 

1.01 

1=20 

1.30 

1.44 

40 

.44 

.64 

.82 

3 .  on 

1.32 

1.47 

50 

.42 

.62 

.81 

1.00 

1.20 

1.33 

1.48 

60 

.41 

.61 

.80 

1.00 

1.20 

1.34 

1.49 

70 

.40 

.60 

.80 

1.00 

1.20 

1.34 

1.50 

Site  quality 

Site  quality  is  the  relative  productive  capacity  of  the  land.    Usually  it  is 
determined  from  the  size  of  timber  in  relation  to  its  age.    This  is  illustrated 
in  the  example  below  which  shows  three  stands  all  having  the  same  competition 
index  and  all  being  exactly  45  years  of  age: 


Characteristics  of  average 
dominant  and  codominant 
  trees  

D.b.h.  (inches)  

Annual  growth  in  d.b.h.  in 
the  last  20  years  (inches) 

Total  height  (feet)  

Volume  per  tree  (cubic  feet' 


Relative  development  of  dominant  and 
codominant  trees 


Poor 


6.0 
.11 

40 
3.1 


Medium 
7.6 

.15 

50 
6.3 


Geod 


9.0 
.19 

54 
9.6 


Although  these  stands  are  similar  in  regard  to  age  and  competition,  they  differ 
considerably  in  the  rate  of  development  of  dominant  and  codominant  trees.  The 
most  obvious  explanation  is  that  the  soil  and  other  ecological  factors  differ 
in  their  natural  potential  or  productivity  as  indicated  by  such  stand  character- 
istics as  average  d.b.h.,  height,  rate  of  growth,  and  volume. 

Conventionally,  site  is  measured  by  the  height  of  averege  dominant  and  co- 
dominant  trees  as  related  to  age  in  relatively  pure  stands  and  under  normal 
conditions  of  stocking.    However,  since  these  conditions  are  the  exception 
rather  than  the  rule  in  upland  balsam  fir,  it  was  found  that  the  average 
volume  per  tree  as  it  relates  to  age  and  the  degree  of  competition  is  a  better 
index  of  site  than  height  of  dominant  trees. 
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It  is  apparent  in  the  example  above  that  the  excellent  development  of  the  third 
stand  in  d.b.h.  and  rate  of  growth  is  not  as  well  explained  by  the  height  of 
dominant  trees  as  by  the  average  volume  per  tree.    The  site  quality  of  this 
stand,  if  judged  by  height  alone,  would  have  been  determined  as  only  medium. 
Yet  this  stand,  only  four  feet  taller  than  the  second  stand,  showed  approxi- 
mately 50  percent  more  volume  per  tree  and  about  a  25-porcont  higher  rate  of 
diameter  growth*    The  dominant  trees  within  each  stand  showed  an  even  rate  of 
d.b.h.  growth  for  the  past  40  years  indicating  that  there  was  no  cutting  or 
other  disturbance  in  any  of  the  three  stands. 

Quite  commonly  height  fciled  to  evaluate  site  quclity  as  well  as  the  average 
volume.     Consequently,  the  average  volume  of  dominants  and  codominants  (which 
reflects  the  effects  of  site  on  both  height  and  d.b.h.)  was  selected  as  a 
measure  of  site  quality. 

A  simple  and  convenient  index  of  volume  is  the  product  of  average  basal  area 
and  average  height.     In  the  foregoing  example  these  volume  indexes  (hereafter 
designated  as  vij  are  7.8,  15.7,  and  23*9,  which  line  up  in  the  same  propor- 
tion as  the  true  volume  scale  of  3.1,  6.3,  and  9.6  cubic  feet. 

These  vi_  values  were  curved  over  age  and  the  entire  range  of  variation  was 
separated  into  five  arbitrary  groups  of  site  quality  (table  5  in  tabular 
section).    Since  the  trend  corresponded  to  the  average  competition  index  of 
.8,  tho  latter  was  taken  as  a  standard  for  average  volume  development.  For 
stands  with  competition  indexes  above  or  below  .8,  some  correction  is  re- 
quired.   As  described  previously,  the  average  size  of  trees  in  the  stand 
diminishes  with  increased  competition.    Accordingly,  y_i  values  should  bo 
adjusted  to  the  average  competition  index  by  means  of  certain  factors 
(table  6)  before  site  quality  is  finally  determined  (table  5). 

By  way  of  illustration,  assume  three  stands  40  years  of  ago — one  erch  with 
low,  cverrge,  and  high  competition  index  as  shown  below*. 


 Competition  index  

Low  (.4)  Average  ( .8)  High  (l.£) 

Dominant  and  codominant  trees: 

Average  d.b.h.  (inches)....                     8.8  7.0  6,0 

Average  height  (feet)                               40  45  50 

vi_  values                                                   16.9  12.0  9.8 

Correction  factor  (table  6)...                     1.17  1.00  .84 

Corrected  vi  values                                       14.4  12.0  11.7 

Site  quality  (table  5)                                  Good  Fair  Fair 

The  corrected  volume  index  (basal  area  x  height)  values  of  14.4,  12.0,  and 
11.7,  indie-"  to  good  site  for  the  low  competition  stand,  and  fair  site  for 
both  the  average  and  high  competition  stands.    Had  the  original  vi  value  of 
9,8  for  the  high  competition  stand  not  been  corrected  to  11.7,  the  site 
quality  would  nCvrc  been  determined  as  poor  instead  of  fair  (see  table  5), 
The  correction  factor  of  r84  simply  allowed  for  the  depressing  effect  of  high 
competition  on  the  development  of  dominant  and  codominant  trees. 
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In  some  cases  where  there  are  a  few  large  trees,  obviously  remnants  of  a 
former  stand  rathor  than  a  part  of  the  main  stand,  a  more  accurate  estimate 
of  site  index  would  be  obtained  by  the  elimination  of  such  trees  from  the 
calculation  of  vi. 

No  attempt  has  been  made  to  appraise  site  quality  on  any  basis  other  than 
volume  index.    This  index,  of  course,  should  correlate  with  the  combination  of 
factors  affecting  tree  growth  such  as  soil  quality,  soil  moisture,  drainage, 
etc.    It  has  been  observed  in  this  study  that  the  volume  index  of  balsam  fir 
associated  with  northern  hardwoods  and  ash-elm  averages  considerably  higher 
than  in  mixture  with  aspen-birch  or  northern  white-cedar.    The  lowest  average 
volume  index  was  found  when  balsam  fir  occurred  in  mixture  with  black  spruce 
or  on  sandy  sites. 

All  site  indexes  based  on  the  rate  of  development  of  dominant  trees  either  in 
height  or  volume,  assume  no  sudden  changes  in  the  stands  such  as  release  duo 
to  cutting  or  other  causes.    There  is  always  some  lag  in  adjustment  of  stand 
development  to  any  drastic  change.    Under  these  conditions  the  site  index 
representing  the  growth  potential  is  more  likely  to  be  underestimated.    As  a 
guide  it  is  recommended  that  all  borings  obtained  for  estimating  breast-height 
age  be  carefully  examined  for  evidence  of  release  or  past  suppression. 

Proportion  of  Balsam  Fir 

The  volume  and  growth  tables  presented  in  this  report  assume  100  percent  balsam 
fir.    The  balsam  fir  component  of  the  stand  (basal  area  end  volume)  was  in- 
flated to  a  100-pcrcont  basis,  assuming  the  same  development  of  the  entire 
stand  as  that  of  the  balsam  fir  portion  alone.     Consequently,  in  mixed  stands 
reduction  must  be  made  depending  on  the  acturl  amount  of  balsam  fir  present. 
Considerable  variation  occurs  among  stands,  but  since  there  does  not  seem  to 
be  any  relation  to  age,  it  was  assumed  that  the  proportion  will  net  change  in 
the  next  10  and  possibly  20  years.    The  reduction  in  growth  values,  therefore, 
can  be  made  on  the  basis  of  the  present  basal  area.    No  attempt  was  made  to 
evaluate  the  growth  of  the  associated  species. 

The  proportion  of  balsam  fir  does  not  appear  to  be  correlated  with  sito  but, 
as  would  be  expected,  there  is  some  correlation  with  competition  index. 
Generally,  the  amount  of  balsam  fir  decreases  with  an  increase  in  competition 
index,  varying  on  the  average  from  62  percent  for  low  competition  to  37  per- 
cent for  high  competition. 
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FISxD  iROCSDURS  AND  API  II CATION  0?  TABLES 
most 

These  growth  tebles  probably  will  be/ useful  in  appraising  timberland  for  pur- 
chase or  sale,  or  in  connection  with,  management  problems  on  selected  tracts. 
Estimates  usually  will  be  made  by  means  of  small  sample  plots  scattered  through- 
out the  tract,  the  number  depending  on  the  accuracy  required,    For  areas  which 
are  classified  by  forest  conditions  or  are  divided  into  smaller  tracts,  each 
subdivision  will  require  a  separate  estimate.    For  rough  estimation  where  only 
a  general  picture  of  volume  growth  capacity  is  required,  a  reconnaissance 
employing  ocular  estimates  of  the  growth  factors  may  be  made  without  the  use  of 
sample  plots. 

The  factors  needed  for  application  of  growth  tables  can  be  obtained  from  the 
sample-plot  measurements  as  follows: 

1.  On  each  plot,  tally  by  d.b.h.  classes  (l)  all  the  balsam  fir  trees 
by  three  crown  classes,  dominant  and  codominant,  intermediate,  end 
suppressed;  and  (2)  all  other  species  combined.    The  tally  should 
exclude  trees  more  than  60  percent  defective  (cull)  and  dead  trees. 

2.  Compute  the  basax  areas  for  eech  of  the  groups  listed  above.  A 
multiple  basal  area  table  (table  16)  is  included  to  simplify  the 
calculation  of  these  figures. 

3.  Determine  the  degree  of  stocking  of  all  species  in  the  stand. 
This  is  the  ratio  of  the  total  basal  area  to  the  basal  area  assumed 
to  be  normal  (table  4). 

4.  Determine  the  proportion  of  balsam  fir  which  is  not  in  suppressed 
trees,  by  dividing  the  basal  area  in  dominant,  codominant,  and 
intermediate  trees  by  that  of  all  balsam  fir.    With  sufficient 
experience  this  can  be  estimated  by  eye. 

5.  Compute  the  competition  index  by  dividing  the  stocking  ratio  (step 
3)  by  the  ratio  obtained  in  step  4. 

6.  At  breast  height,  bore  a  sufficient  number  of  dominant  and  codominant 
balsam  fir  trees  to  represent  different  diameter  groups  of  the  main 
stand.    The  average  age  at  breast  height  of  all  diameter  groups  can 
then  be  obtained,  using  basal  areas  of  the  different  groups  as  rough 
weights. 

7.  Calculate  the  average  diameter  of  dominant  and  codominant  balsam  fir 
trees,  using  basal  areas  recorded  previously. 

8.  Measure  total  height  on  bored  trees  and  on  a  few  additional  trees. 
Compute  average  height,  using  number  of  trees  as  weights.  Experi- 
enced men  probably  can  estimate  the  average  height  corresponding 
to  the  trees  of  average  d.b.h. 

9.  as  explained  previously,  site  index  is  determined  by  means  of  the 
product  of  the  basal  area  of  the  average  dominant  and  codominant 
balsam  fir  tree  and  its  height  (steps  7  and  8).    These  products, 
called  vl,  are  presented  in  a  site  index  table  (table  5),  for 
competition  index  0.8.     If  the  competition  index  is  other  than  0.8, 
vi  should  be  divided  by  appropriate  correction  factors  (table  6) 
before  the  site-index  table  can  be  used. 
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10.  The  last  factor  needed  is  the  proportion  of  balsam  fir.    This  is  the  ratio 
of  the  basal  area  of  balsam  fir  to  the  total  basal  area  in  the  stand. 
This  factor  can  also  be  estimated  by  eye. 

11.  After  the  growth  factors  have  been  determined,  the  expected  growth  for  the 
next  10  and  20  years  can  be  calculated  from  values  given  in  growth  tables 
(tables  7  through  12).  Example: 

-Age  40  years 

Competition  index  .6 
Site  index  •  Fair 

Proportion  of  balsam  fir  .36  (36  percent) 

Expected  10-year  growth  per  acre: 

Cubic  feet  (table  7)  =  400  x  .36  =  144  cubic  feet,  gross, 

Cords  to  3-inch  top  (table  9)  =  5.4  x  .36  =  1.9  cords,  gross. 

Cords  to  4-inch  top  (table  11)  =  5.2  x  .36  =  1.9  cords,  gross. 
Expected  20-year  growth  per  acre: 

Cubic  feet  (table  8)  =  640  x  .36  =  230  cubic  feet,  gross. 

Cords  to  3-inch  top  (table  10)  =  9.2  x  .36  =  3.3  cords,  gross. 

Cords  to  4-inch  top  (table  12)  =  3.8  x  .36  =  3.2  cords,  gross. 

The  estimated  growth  of  0.19  cord  annually,  which  appears  small,  actually 
represents  a  rather  substantial  rate  of  increase  considering  the  fact  that  the 
site  is  only  fair  and  the  stand  in  question  contains  only  about  4  cords  of 
merchantable  balsam  fir  per  acre. 

Another  point  that  may  require  clarification  is  the  similarity  of  growth  in 
cords  when  merchantability  is  considered  both  to  a  3-inch  and  4-inch  top. 
The  cordwood  growth  to  these  different  top  utilizations  is  about  the  same  at 
ages  near  40  to  50  years.    Generally,  in  young  stands  (below  40  years  of  age) 
the  cordwood  growth  to  a  3-inch  top  is  considerably  higher  than  that  to  a  4- 
inch  top.    The  reverse  is  true  of  older  stands.    These  changes  are  caused  by 
different  rates  of  ingrowth  from  smaller  trees  as  well  as  differences  in 
growth  of  tops. 

The  rate  of  growth  computed  above  assumes  basic  volumes  as  given  in  tables 
13  to  15.     If  the  actual  stand  volume  has  been  determined  by  means  of  local 
volume  tables  and  it  was  found  to  either  underrun  or  overrun  the  basic  tables 
by  a  given  percentage  the  growth  can  be  either  reduced  or  increased  by  the 
same  percentage. 
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DEFECT  AND  NET  GROWTH 


Defect 

Tho  previous  so ct ions  described  the  evaluation  of  gross  growth.     In  most  cases, 
however,  the  chief  concern  is  the  estimation  of  net  increment  of  merchantable 
wood.    The  gross  growth,  therefore,  must  be  reduced  for  defect  and  cull  losses. 

The  amount  of  defoct  varies  greatly  among  stands  over  a  relatively  small  area. 
It  increases  with  age,  the  rate  of  increase  depending  on  the  amount  of  defect 
present.    The  higher  the  percent  defect  the  greater  the  cull  losses  in  succeed- 
ing years.    Red  rot  in  the  upper  bole  and  butt  rot  are  important  sources  of 
defect,  especially  in  tho  older  stands.    In  mature  and  overmature  stands  rots 
progress  very  rapidly.    They  cause  excessive  mortality  through  wind  breakage 
and  frequently  result  in  negative  net  yields.     In  predicting  future  yields  of 
stands  over  50  years  of  age  it  is  important,  therefore,  to  observe  closely  the 
amount  and  type  of  defect  present. 

On  the  basis  of  drta  collected  in  this  study  and  the  information  obtained  by 
the  Forest  Survey  in  the  Lake  States,  the  following  average  trend  of  defect 
with  age  has  been  observed: 

Table  2, — Average  percent  of  defect  in  merchantable  trees  in  relation  to  age 


Stand  age  at 
brorst  height 

'  Averf 
;  of 

ge  percent 
defect  1/ 

Stand  age  at 
'    breast  height 

[    Average  percent 
of  defect  1/ 

10 

.5 

60 

8.0 

15 

.9 

65 

9.2 

20 

1.4 

70 

10.3 

25 

2.0 

75 

11.5 

30 

2.6 

80 

12.8 

35 

3.3 

85 

14.0 

40 

4.1 

90 

15.4 

45 

5.0 

95 

16.7 

50 

6.0 

100 

18.0 

55 

7.0 

1/  Culled  material 

not  utilizable  for 

pulpwood 

. 

The  percent  defect  shown  is  for  merchantable  trees  only  and  does  not  consider 
cull  trees  or  those  less  than  40  percent  sound.    The  loss  from  such  trees  has 
been  accounted  for  in  the  yield  tables  where  it  becomes  noticeable  after  70 
years  of  age,  the  mortality  and  cull  losses  resulting  in  a  downward  trend  in 
the  yields  per  acre.    Accordingly,  the  cull  loss  from  these  trees,  although 
large,  need  not  be  considered  here. 

The  trend  of  defect  in  the  above  table  represents  averages  for  a  largo  number 
of  stands,  and  is  not  strictly  applicable  to  any  individual  stand.  Consequently 
the  actual  cull  percent  should  be  estimated  in  the  field  for  each  stand.  The 
trend  values  can  be  used  to  determine  the  rate  of  increase  in  defect  of  mer- 
chantable trees  over  any  given  period.    The  assumption  is  then  made  that  the 
same  rate  of  increase  in  cull  percent  over  age  will  apply  to  tho  actual  present 
defect  as  determined  in  the  field. 
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For  example,  the  average  defect  shown  for  50-  and  60-year-old  stands  is  6  and 
8  percent  respectively.    This  represents  an  increase  in  10  years  of  33  percent. 
If  the  actual  cull  percent  obtained  for  the  50-year-old  stand  is  9  instead  of 
6,  it  is  assumed  that  the  increase  in  cull  loss  in  10  years  will  be  33  percent 
of  9  or  3  percent.    Thus  at  60  years  of  age  the  stand  is  assumed  to  have 
approximately  12  percent  defect.    This  proportionality,  therefore,  allows 
greater  cull  uss  in  volume  for  stands  which  are  found  to  be  more  than  normally 
defective. 


Net  Growth 

As  stated  previously,  allowances  were  made  in  the  yield  tables  (tables  13,  14, 
and  15)  for  average  losses  due  t:  mortality  and  wholly  defective  trees,  but 
not  for  losses  due  t:  defect  in  merchantable  trees.    The  net  growth  is  the 
difference  between  estimated  future  sound  volume  and  the  present  sound  volume. 
It  can  be  worked  out  in  the  following  manner: 


Stand  conditions 
Ago 

Competition  index 
Site  quality 

Proportion  of  balsam  fir 
Percent  defect 


40  years 
1.0 

Good 

60  percent 
7  percent 


Present  stand  (per  acre) 

Gross  volume  of  balsam  fir 
Net  volume  of  balsam  fir 


14  cords 

14  x  .93  =  13.0  cords 


Stand  10  years  hence  (per  acre) 
Gross  growth  (table  11) 
Gross  volume 

Percent  defect  (table  2) 
Net  volume 


8.1  x  .60  =  4.9  cords 
14      4.9  =18.9  cords 
6.0  x  7  =  10.2  percent 
4.1 

18.9  x  ,898  =  17.0  cords 


Estimated  net  growth  (per  acre) 

17.0  -  13.0  =  4.0  cords  in  10  years,  or  .40  cord  per  annum 


-  10a  - 


ROTATION  AGE 


Balsam  fir  in  the  Lake  States  is  primarily  a  pulpwood  species.    Since  the 
quality  increment  is  of  minor  consideration,  mortality  and  cull  losses  are 
the  chief  factors  in  determining  the  rotation  age.    Barring  any  specific 
financial  considerations  of  management,  the  balsam  fir  stands  should  be 
liquidated  before  they  reach  the  pathological  rotation  age,  i.e.,  immediately 
preceding  the  time  when  no  not  increment  is  expected.    When  the  declining 
growth  is  offset  by  cull  losses  in  merchantable  trees,  no  net  growth  occurs 
fnd  is  immediately  followed  by  actual  loss  in  volume  per  acre. 

The  pathological  rotation  age,  governed  by  the  amount  of  defect  present  in 
the  stand,  varies  with  site  quality  and  competition  index.    For  convenience 
in  determining  this  rotation  age,  there  has  been  prepared  a  guide  table 
(table  3)  which  shows  the  percent  of  present  defect  (merchantable  trees) 
which,  with  allowance  for  further  deterioration,  will  completely  offset 
the  expected  gross  growth  during  the  next  10  years. 

For  example,  if  a  50-year-old  stand  on  good  site  with  a  competition  index  of 
.6  shows  a  defect  in  merchantable  trees  of  22  percent,  it  will  still  acquire 
some  net  growth  in  the  next  10  years  since  it  has  less  than  the  32  percent 
defect  indicated  in  the  table.    However,  it  should  be  cut  shortly  after  it 
reaches  the  age  of  60  (21  percent  cull)  since  no  net  growth  will  be  expected 
after  that  age.    A  more  advanced  stand  of  70  years  of  age  under  the  same 
conditions  could  tolerate  a  defect  of  only  12  percent  rather  than  32  percent. 

Generally,  stands  showing  especially  high  defect  shculd  be  cut  sooner  than 
indicated  by  the  table  since  such  stands  are  apt  to  show  greater  mortality 
than  has  been  allowed  for  in  the  yield  tables.     In  balsam  fir  there  is  always 
considerable  risk  of  losing  trees  through  windfall,  breakage,  etc.,  and  this 
risk  increases  with  age  and  defectiveness  of  stand.    Thus  a  50-year-old  stand 
on  good  site  with  competition  index  .6  which  is  32  percent  defective  should  be 
cut  immediately,  even  though  the  table  indicates  that  no  actual  loss  in 
volume  is  expected  during  the  next  10  years. 
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Tab le  3 . — Percent  defect  in  merchantable  trees  resulting  in  zoro  net  growth 

during  the  next  decade  1/ 


POOR  SITE 


Stc  nd  age  : 
at  : 

Percent 

whe n  c  onp  e  t  i  t  i  on 

inuex  is* 

breast  height: 
(years)  s 

.4 

* 
# 

9 
* 

.6 

'  .ft 

• 

"      1  fi 
• 

■     1  P 

lib 

9 
B 

X. 

« 

• 

• 

X#  D 

« 
• 

40 

51 

52 

53 

54 

54 

56 

58 

50 

44 

45 

47 

50 

53 

56 

59 

60 

32 

31 

33 

38 

43 

48 

53 

70 

12 

15 

19 

22 

25 

32 

40 

OXllli 

A  P 

42 

4to 

i±0 

i±0 

51 

54 

Ob 

O  / 

Oo 

60 

26 

P^i 

26 

pa 

OX 

35 

40 

70 

09 

12 

14 

16 

20 

25 

30 

SITE 

n.o 

oy 

39 

oy 

40 

42 

a  n 

50 

34 

33 

33 

34 

36 

39 

41 

60 

24 

23 

23 

24 

27 

30 

34 

70 

11 

13 

14 

15 

17 

20 

26 

GOOD 

SITE 

40 

36 

36 

35 

36 

37 

40 

42 

50 

32 

32 

32 

32 

33 

35 

37 

60 

22 

21 

21 

21 

24 

27 

30 

70 

11 

12 

14 

14 

16 

20 

23 

ezcelxe;t  site 

40 

35 

35 

34 

34 

34 

36 

38 

50 

31 

31 

31 

31 

31 

33 

35 

60 

22 

21 

21 

21 

22 

24 

28 

70 

09 

10 

12 

12 

14 

17 

20 

1/  Based  on  table  11,  giving  cordxvood  growth  to  a  variable  top  d.i.b. 


of  not  less  than  4  inches. 
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ACCURACY  OF  VOLUME  AND  GROWTH  TABLES 


When  different  condition  classes,  such  as  age,  site,  and  competition  index,  are 
determined  accurateiy,  the  variability  of  volune  per  acre  of  balsen  fir  within 
a  condition  is  relatively  snail.    As  a  natter  of  feet  stand  volune  tables 
(tables  13  to  .15)  could  be  used  for  cruising  tinber,  although  this  is  not 
necessarily  recommended.    The  vcriability  between  the  actual  volune  per  acre 
and  that  estin£ted  fron  the  tables  is  shown  below  in  terns  of  coefficients  of 
variation,  by  str.nd  age  and  competition  index.    This  tabulation  applies  to  all 
sites : 


Stand  ago 
(years) 

Coefficients 

of  variation^ of 

v">lune  when 

conpetiti 

on  is  J 

Lew 

Medium 

High 

All 

0-29 

.30 

.26 

.37 

,35 

30-49 

.21 

.14 

.  18 

.19 

50+ 

.18 

.14 

.20 

.18 

All  ages 

.23 

.15 

.21 

.21 

_l/Coef f iciont  of  variation  is  the  ratio  of  the 
variability  (standard  deviation)  and  the  nean 
volune. 

It  is  observed  that  the  coefficients  of  variation  are  about  the  sane  for  stands 
30  years  of  age  or  older,  but  are  considerably  higher  for  very  young  stands 
where  the  average  volune  per  acre  is  snail.    Also  there  is  nore  veriabiLity  in 
stands  of  either  low  or  high  coupe tit ion  index  than  in  those  of  uediun  competi- 
tion index.    This  is  probably  caused  by  the  wider  range  in  density  and  the 
proportion  of  doninant  and  codoninant  trees  encountered  under  high  conpetition. 
It  nay  be  assuned,  therefore,  that  the  standard  error  per  plot  for  estimating 
volune  within  a  specified  condition  class  is  about  20  percent  of  the  volune 
itself,  and  that  error  will  diminish  cs  more  plots  are  taken  within  the  sane 
condition  class. 

A  tract  of  land,  whether  snail  or  large,  generally  includes  areas  with  dif- 
ferent growing  conditions.    The  nost  common  procedure  for  estimating  growth 
would  be  to  take  a  series  of  plots  throughout  the  tract — the  intensity  depend- 
ing on  the  relative  importance  of  the  growth  determinations  required — on  each 
of  which  age,  site,  and  competition  index  would  be  determined.    The  correspond- 
ing growth  estimates  w-uld  then  be  obtained  (fron  tables  7  to  12)  and  averaged 
for  the  entire  tract*    The  accuracy  of  this  average  growth  for  the  tract  will 
depend  not  only  on  the  sampling  error  resulting  fron  the  number  of  plots  taken 
and  the  va-riabi ability  of  the  conditions  involved  but  also  on  the  differences 
between  the  actual  md  the  estimated  growth  for  each  plot. 

As  e  rough  rule  the  percent  of  standard  error  of  gross  growth  prediction  on  a 
tract  of  varying  conditions  can  be  estimated  by  dividing  70  by  the  square  root 
of  the  number  of  plots  taken.    For  example,  with  25  plots,  the  standard  error 
would  be  14  percent;  with  100  plots,  7  percent,  etc. 

This  rule  would  tend  to  overestimate  the  error  under  more  uniform  conditions  of 
growth  and  underestimate  it  when  growth  per  acre  is  more  variable  than  assumed 
by  the  coefficient  of  variation  of  70,  especially  when  stands  of  very  slow 
growth  predominate. 
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The  error  of  the  net  growth  predictions  will,  of  course,  be  considerably  higher 
since  it  also  involves  the  error  in  estimating  defect,,    No  attempt  has  been  made 
to  estimate  the  possible  error  from  this  source. 

In  general,  it  is  realized  that  the  errors  of  growth  prediction  are  large 
especially  when  small  or  heterogeneous  tracts  are  involved.  Furthermore, 
these  errors  do  not  take  into  account  the  possibility  of  disastrous  losses 
due  to  windstorm,  disease,  insect  damage,  or  drastic  changes  in  weather. 

Despite  the  uncertainties,  the  growth  tables  presented  are  more  accurate  than 
any  estimates  that  even  the  most  experienced  man  could  make  without  their  aid0 
They  should  be  especially  useful  in  evaluating  and  comparing  growth  possibil- 
ities of  different  stands. 
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Table  4. — Assumed  normal  basal  area  stocking  (all  species)  in  relation  to 

average  stand  diameter,  upland  balsam  fir  type 


Average  d.b.h.  of  J  . 
all  species  ; 

Basal  area 
per  acre 

Average  d.b.h.  of  : 
all  species  J 

3asal  area 
per  acre 

Inches 

Sq.  ft.  i 

Inches  : 

Sq.  ft. 

2 

84  j 

!  7 

169 

3 

117 

!  8 

174 

4 

137  ! 

i  9 

177 

5 

151  ! 

i  10 

179 

6 

161  ! 

S  12 

180 

Tab le  5 . — Site  quality  index  based  on  volume  index  of  average  dominant  and 

codominant  tree,  upland  balsam  fir  type 


Stand  age: 
at  breast: 


Limits  of  volume  index-^/ values  when  site  quality  is  — 


height  •. 
(years  W  ! 

Poor 

• 
• 

Fair 

J    Medium  : 
t 

Good 

:  Excellent 

• 

10  Less 

than 

.2 

.2 

.3 

.4 

.5  or  more 

20  " 

»» 

L.6 

1.6-  2.5 

2.6-  3.2 

3.3-  4.4 

4.5  »  » 

30  " 

» 

3»5 

3.5-  5.6 

5.7-  7.4 

7.5-  9.9 

10.0  "  " 

40  " 

t» 

6.3 

6.3-10.0 

10.1-13.2 

13.3-17.6 

17.7  M  " 

50  " 

U 

10.0 

10.0-15.9 

16.0-20.9 

21.0-27.9 

28.0  "  M 

60  " 

tf 

14.2 

14.2-22.7 

22.8-29.9 

30.0-39.9 

40.0  "  " 

70  " 

H 

16.5 

16 . 5—26 . o 

26.6-34.8 

34.9-46.5 

46.6  "  " 

80  ff 

ft 

18.0 

18.0-28.9 

29.0-38.0 

38. 1-50.7 

50.8  "  ,f 

lyVolume  index  or  vi  equals  the  basal  area  of  the  average  dominant  and  co- 
dominant  balsam  fir  tree  tim.es  its  height.    The  vi^  values  given  above  are 
for  stands  with  competition  index  0.8.    For  other  competition  index 
classes  use  corrected  vi.  (divide  vi  by  factors  given  in  table  6). 

2/This  is  the  average  age  of  the  dominant  and  codominant  trees  in  the  main 
stand. 

Table  6. — Correction  factors  to  be  applied  to  volume  index  (first  estimate) 
of  average  dominant  and  codominant  trees,  upland  balsam  fir  type 


Competition  index 


Correction  factor  1/ 


.2 
.4 
.6 
.8 

1.0 
1.2 
1.4 
1.6 


1.26 
1.17 
1.09 
1.00 
.91 
.84 
.79 
.75 


1/  The  product  of  the  basal  area  of  the  average  dominant  and  codominant 
balsam  fir  tree  and  its  height  (vi)  divided  by  the  correction  factor 
equals  vi  adjusted  to  competition  index  0.8. 
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Table  7.~Expec 

ted,  grow 

'th  per  s 

ere  duria 

g  the  next 

19  years 

in  cubic 

feet  in- 

side  bark 

f 3nt  ire 

stump),  utlend  balsam  fir  tyue  1/ 

POO?,  s 

TTE 

St  end  .ege  at^ : 
creest  height-^r 

Ten  years'  growth  in  cubic  feet  wb 

3n  eompet 

it  ion  indi 

sx  is: 

(years)  *, 

.4 

:  .6 

.8 

1.  9 

:     1. 2 

:  1.4 

:  1.6 

10 
20 

390 
440 

490 

550 

550 
520 

590 
660 

610 
690 

620 
700 

629 

30 

410 

540 

610 

650 

680 

700 

700 

40 

2S0 

370 

430 

480 

500 

510 

520 

00 

180 

210 

250 

280 

300 

300 

310 

60 

60 

70 

70 

80 

80 

9^ 

100 

fO 

-60 

-70 

-80 

-90 

-110 

-120 

-130 

-150 

-200 

-230 

-269 

-320 

-339 

-330 

■ 

"0--i~ 

— 

10 

470 

36r 

65C 

71' 

75C 

76C 

7^9 

20 

520 

640 

730 

780 

830 

850 

870 

30 

450 

560 

620 

660 

700 

710 

720 

40 

320 

4-00 

450 

490 

520 

530 

540 

50 

200 

240 

270 

300 

320 

320 

320 

60 

80 

90 

90 

100 

100 

100 

.  100 

-30 

-50 

-60 

-70 

-70 

-80 

-80 

oJ 

-90 

-130 

-170 

-190 

—210 

-210 

■>  —-  ---  - 

10 

56: 

690 

780 

849 

59: 

91X3 

929 

20 

580 

740 

830 

890 

920 

940 

950 

30 

500 

610 

680 

740 

780 

790 

790 

40 

370 

430 

4S0 

540 

550 

560 

560 

50 

220 

260 

290 

320 

340 

340 

330 

60 

80 

100 

110 

120 

120 

130 

140 

70 

-20 

-20 

-30 

-30 

-30 

-40 

-40 

80 

-50 

-70 

-90 

-100 

-120 

-110 

-ii: 

soon 

J-U 

970 

1,0  jD 

20 

£50 

840 

959 

1,010 

-t- ,  0  O'J 

1*070 

1, 080 

30 

530 

660 

740 

800 

830 

840 

840 

40 

400 

470 

520 

580 

620 

630 

640 

50 

250 

290 

330 

350 

390 

400 

400 

60 

120 

130 

150 

160 

160 

170 

170 

70 

10 

20 

20 

20 

20 

20 

20 

80 

-30 

-9; 

-50 

C  fl 
—  C  - 

••70 

-70 

10 

740 

1,9  39 

1,120 

1,180 

1,200 

1,210 

20 

760 

950 

1,080 

1,140 

1,180 

1,200 

1,210 

30 

620 

730 

830 

900 

950 

960 

960 

40 

450 

530 

600 

660 

690 

700 

700 

50 

290 

350 

400 

440 

450 

450 

450 

60 

150 

170 

200 

220 

230 

230 

230 

70 

20 

30 

50 

60 

60 

60 

-29 

— "V\ 

-4: 

■  r 

1/  It  stend  is 

"nct~iT:~ 

percent 

ivf  reduce 

.ues  propc 

:rtionatel 

2/  This  is  the 

£ Yertge 

age  of  1 

int  end  cedeninant 

trees  in 

the  main 

s  t  e  r.  i . 
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lab  le  8.  — Sxpeeted  growth  per .  agi^djtf ing  the  next  20  years,  in  cubic  feet 

inside  bark  Xggligg-.sj^Ana  stump)  ,  upland  balsam  fir  type  1/ 
 .    iOOR  SIZJ 


stand  ago  at,.,  ,  , 

breast  height^:         7  years'  growth  in  cubic  feet  when  competition  index  is: 


(years ) 

»4 

j  .6 

•       •  8  t 

1.0  : 

1.2  j 

1.4 

:  1.6 

10 

920 

1,070 

1,130 

1,250 

1,300 

1,320 

1,310 

20 

910 

1,110 

1,230 

1,320 

1,370 

1,390 

1,380 

30 

710 

880 

1,020 

1,110 

1,180 

1,200 

1,180 

40 

470 

570 

670 

740 

800 

810 

800 

50 

230 

280 

320 

350 

380 

380 

360 

60 

0 

-10 

-20 

-30 

-30 

-40 

-60 

70 

-210 

-280 

-340 

-380 

-430 

-460 

-480 

FAIR  SITE 

10 

1,090 

1,270 

1,420 

1,520 

1,580 

1,600 

1,600 

20 

1,040 

1,210 

1,360 

1,460 

1,530 

1,540 

1,550 

30 

830 

960 

1,070 

1,160 

1,220 

1,250 

1,240 

40 

540 

640 

720 

790 

840 

850 

830 

50 

270 

3x0 

360 

390 

420 

440 

430 

60 

40 

40 

40 

40 

30 

20 

0 

70 

-140 

-J80 

-220 

-260 

-280 

-310 

-330 

MEDIUli  SITE 

10 

1,250 

1,480 

1,640 

1,740 

1,810 

1,830 

1,830 

20 

1,150 

1,370 

1,520 

1,630 

1,700 

1,720 

1,700 

30 

890 

1,040 

1,160 

1,260 

1,330 

1,330 

1,290 

40 

600 

680 

760 

830 

890 

890 

850 

50 

300 

340 

380 

420 

460 

460 

450 

60 

70 

80 

80 

90 

90 

80 

40 

70 

-60 

-110 

-130 

-140 

-140 

-150 

-190 

GOOD  SITE 

10 

1,460 

1,700 

1,880 

2,000 

2,060 

2,070 

2,080 

20 

1,280 

1,530 

1,700 

1,810 

1,880 

1,900 

1,860 

30 

960 

1,100 

1,240 

1,360 

1,450 

1,440 

1,350 

40 

730 

800 

880 

950 

1,010 

1,010 

980 

50 

370 

420 

460 

510 

550 

570 

550 

60 

140 

150 

160 

170 

180 

190 

200 

70 

-20 

-20 

-20 

-30 

-40 

-70 

-120 

EI 

iCCELiEM'  SIT 

xO 

1,660 

1,940 

2,140 

2,260 

2,360 

2,390 

2,390 

20 

1,460 

1,670 

1,870 

2,030 

2, 130 

2,150 

2,110 

30 

1,110 

1,270 

1,410 

1,540 

1,6-xO 

1,650 

1,620 

40 

760 

880 

980 

1,070 

1,140 

1,150 

1, 110 

50 

440 

510 

580 

640 

680 

690 

670 

60 

250 

260 

270 

280 

290 

280 

280 

70 

-10 

0 

20 

40 

50 

50 

30 

1/  If  stand  "is  not  100  percent  bolsaaa  fir,  reduce  table  values  proportionately. 
2/  This  is  the  average  ago  of  the  dominant  and  codominant  trees  in  the  main 
stand. 
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lobie  9. — 

Expected  growth  per  acre  during  the 

next 

10  years, 

in  rough 

cords. 

to  a  va 

rying  top 

diameter  inside  ba 

rk  of 

not  less 

than  3  inches. 

up land 

balsam  fir 

type 

—J 

POOR  SITE 

Stand  age 

at  : 

breast  hei 

ght  2/: 

Ten  years' 

growtn  m  rough  cords  when  compa 

tition  index  is: 

(ye bra) 

©  x  » 

p. 

•      •  o  ; 

1.  0 

J     1. 2 

:    1.4  : 

1.6 

10 

.8 

.9 

.8 

.7 

.6 

.6 

.6 

20 

2.3 

2.5 

2w5 

2. 4 

2.2 

2.2 

2.1 

30 

4.4 

4.8 

4.8 

4.7 

4.5 

4.4 

4.2 

40 

4.2 

5.1 

5.9 

6.6 

7.1 

7.1 

6.6 

50 

2.9 

3.5 

4.0 

4.7 

5.4 

5.9 

6.3 

60 

1.1 

1.1 

1.4 

2.0 

2.8 

3.4 

4.1 

70 

.  1 

.2 

.2 

A 

9  LX 

.7 

1.2 

1.7 

OA' 

oU 

-.9 

-1.2 

-1.5 

-1.7 

-1.6 

-.9 

-.3 

FAIR  SITE 

10 

1.7 

1.9 

2.0 

1.9 

1.8 

1.8 

1.7 

20 

4.5 

5.3 

5.6 

5.6 

5.4 

5.3 

5.2 

30 

5.3 

7.0 

8.2 

8.9 

9.4 

9.7 

9.6 

40 

4.5 

5.4 

6.3 

7.1 

8.0 

8.8 

9.6 

50 

3.1 

3.7 

4.4 

5.0 

5.4 

6.0 

6.9 

60 

1.5 

1.7 

2.1 

2.3 

2.9 

3.4 

4.2 

70 

.2 

.3 

.5 

.7 

1.1 

1.4 

2.0 

80 

-.6 

-.8 

-.8 

-.8 

-.8 

-.6 

.1 

MSPIIM  SITE 

10 

2.8 

3.0 

3. 1 

3.2 

3.2 

3.2 

3.0 

20 

6.0 

7.4 

8.2 

8 » 4 

8.3 

8.2 

8.0 

30 

6.2 

7.8 

9.1 

10.2 

11.2 

12.0 

12.6 

40 

4.9 

6.0 

6.9 

7.9 

8.8 

9.4 

9.9 

50 

3.3 

4.0 

4.6 

5.2 

5.8 

6.3 

6.9 

60 

1.7 

1.9 

2.2 

2.5 

3.2 

3.9 

4.3 

70 

A 

9  L± 

.6 

.7 

.9 

1.2 

1.6 

2.1 

80 

-.3 

-.4 

-.5 

-.5 

-.4 

-.2 

.1 

GOOD  SITE 

10 

4.  6 

5.1 

5.5 

5.3 

5.2 

4.9 

20 

7.3 

8.8 

10. 1 

11.1 

11.7 

12.0 

12. 1 

30 

6.6 

8.4 

9.8 

11.0 

12.2 

13.2 

14.4 

40 

5.4 

6.5 

7.5 

8.6 

9.6 

10.0 

10.7 

50 

3.5 

'  j:  •  3 

5.0 

5.6 

6.1 

6.6 

7.1 

60 

1.9 

2.1 

2.5 

2.9 

3.5 

4.0 

4.7 

70 

.6 

.8 

1.0 

1.2 

1.5 

1.8 

2.1 

80 

0 

0 

0 

.  1 

.2 

A 

•  *X 

.7 

S 

XGEj-IEMT  she 

10 

6.2 

7.0 

7.2 

7.2 

7.1 

7. 1 

6.9 

20 

8.5 

10.6 

12.2 

13.2 

14.1 

l-:-.  6 

14.8 

30 

7.9 

9.8 

11.2 

12.2 

13.2 

14.2 

15.3 

40 

6.0 

7.4 

8.7 

9.8 

10.6 

11.1 

11.6 

50 

3.8 

4.8 

5.6 

6.3 

6.9 

7.3 

8.2 

60 

2.0 

2.4 

2.9 

3.  'x 

3.8 

4.3 

5.3 

70 

.8 

1.1 

1.4 

1.6 

1.9 

2.2 

2.5 

80 

.2 

.3 

•  4 

.6 

.7 

.8 

1.0 

y  If  stand  is  not  100  percent  balsam  fir,  reduce  table  values  proportionately. 
2/  This  is  the  average  age  of  the  dominant  and  codominant  trees  in  the  main 
stand. 
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Tab lo  10 . - -Expected  growth  per  aero  during  the  next  20  ye&rs,  in  rough  cords , 
to  a  varying  top  diameter  inside  berk  of  not  less  than  3  inches,  " 
upland  ba_l_scni  fir  typo"  if 


K)0R  SITS 


Stand  age  at 
breast  height—'  : 
(years)  : 

Twenty 

years'  growth  in  rough  *ords 

when 

competition 

index  is 

.4 

*         .  o 

•  Q  • 

•  •  0  . 

i   n  . 

1.2 

:     1.4  ; 

1.6 

10 

30 
40 
50 
60 
70 

3.3 
7.  2 
8.7 
7.3 
4.  1 
1.3 
-.8 

3.5 
7.3 

10.0 
8.4 
4.5 
1.4 

-1.0 

3,4 
7.2 

10.8 
9.9 
5.5 
1.8 

-1.2 

3.1 

7.0 
11.3 
11.7 
6.9 
2.4 
-1.2 

2.8 
6.7 
11.6 
12.5 
8.2 
3.3 
-.9 

2.8 
6.6 
11.6 
12.9 
9.3 
4.5 
-.1 

2.8 
6.5 
11.3 
12.8 
10.2 
5.4 
1.1 

FAIR  SITS 

10 
20 
30 
40 
50 
60 
70 

7.0 
10. s 
10. 1 
7.8 
4.6 
1.6 
-.4 

7.4 

12.6 
12.5 
9.2 
5.2 
1.8 
-.5 

7.5 
13.9 
14.5 
10.6 
6.0 
2.2 
-.4 

7.4 
14.6 
16.2 
12.1 
7.1 
3.0 
-.1 

7.2 
14.8 
17.4 
13.4 
8.3 
4.0 
.3 

7.2 
14.9 
18.1 
14.7 
9.6 
5.0 
.7 

7.1 
14.9 
18.7 
15.9 
10.7 
5.8 
1.2 

MSDlTJIvi  SITE 

10 
20 
30 
40 
50 
60 
70 

9.9 
13. 1 
11.5 
8.3 
5.0 
2.0 
•  1 

11.0 
15.8 
13.8 
10.0 
5.4 
2.1 
0 

11.6 
17.7 
16.1 
11.7 
6.4 
2.7 
0 

11.6 

18;  8 

18.2 
13.2 
7.7 
3.4 
.3 

11.5 
19.5 
20.0 
14.6 

9.0 
4.4 
*8 

11.5 
20.4- 
21.2 
15.6 
10.1 
5.2 
1.2 

11.3 
21.4 
21.9 
16.3 
10.9 
5.9 
1.7 

GOOD  SITS 

10 
20 
30 
40 
50 
60 
70 

13. 1 
14.9 
12.5 
8.8 
5.5 
2.6 
.6 

14.8 
17.8 
14.9 
10.6 
6.4 
2.9 
.7 

16.0 
20.1 
17.2 
12.4 
7.3 
3.4 
1.0 

16.8 
22.0 
19.4 
14.1 
8.3 
4.1 
1.3 

17.0 
23.4 
21.3 
15.7 
9.4 
4.9 
1.8 

17.0 
24.4 
22.8 
16.6 
10.4 
5.7 
2.  1 

16.8 
25.0 
24.0 
17.0 
11.4 
6. 1 
2.4 

EXCELLENT  SITS 

10 
20 
30 
40 
50 
60 
70 

16.6 
17.3 
14.4 
9.3 
5.9 
2.9 
1.2 

18.5 
20.9 
17.2 
11.6 
7.1 
3,6 
1.4 

19.8 
23.6 
19.7 
14.0 
8.3 
4.3 
1.8 

20.6 
25.6 
22.0 
15.9 
9.4 
5.0 
2.2 

21.2 
27c3 
23.8 
17.3 
10.5 
5.7 
2.6 

21.3 
28.4 
25. 1 
18.3 
11.5 
6.3 
2.9 

21,3 
29.1 
26.2 
18.9 
12.4 
6.9 
3.3 

1/If  stand  is"not*100  percent  balsam  fir,  reduce  table  values  proportionately. 
2/This  is  the.  average  age  of  the  dominant  and  codominant  trees  in  the  main 
stand. 
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Table  11.- 

-Expected  growth  jper 

aero  during 

the  T"ipx"h 

ID  v  &  r  r*  q 

,  in  rou,e;h  cords. 

to  a  varying 

top  diameter  inside 

UclA  Ul 

V 

I1U  o    X\j  s  s 

than  4 

inches, 

up  lend  b  e  lsar 

i  fir  type  1/ 

K)0R  SITE 

Stand  age  at.:  Ten 
breast  height^/ 

rsf  growth  in  rough 

cords  when  competition  index  is: 

.            a  0 

I       .8  J 

1.0  : 

1.2 

i  1.4 

1.6 

10 

20 

.3 
1.4 

.  2 

1.3 

p 

1.2 

.1 

1. 1 

0 
.9 

0 
.8 

0 

.6 

30 

2.9 

2.9 

2.9 

2.9 

2.9 

2.9 

2.8 

40 

3.7 

4.4 

4.8 

4.8 

4.6 

4.5 

4.4 

50 

2.7 

3.3 

3.9 

4.5 

4.9 

5.3 

5.4 

60 

1.6 

1.8 

2.2 

2.9 

3.7 

4.4 

5.0 

70 

.4 

.6 

.9 

1.2 

1.5 

2.1 

2.8 

80 

-.5 

-.6 

-.6 

-.6 

-.5 

0 

.7 

FAIR  SITS 

10 

.9 

.9 

.9 

.8 

.7 

.7 

.6 

20 

3.3 

3.5 

3.4 

3.3 

3.0 

2.9 

2.8 

'30 

4.9 

6.1 

6.9 

7.3 

7.3 

7„1 

6.7 

40 

4.3 

5.2 

6.1 

7.1 

8.0 

8.7 

9.1 

50 

2.9 

3.5 

4. 1 

4.8 

5.7 

6.5 

7.4 

60 

1.7 

2.0 

2.4 

3.0 

3.7 

4.4 

5.2 

70 

*4 

.7 

1.0 

1.3 

1.8 

2.4 

3.0 

80 

-.5 

-.5 

-.4 

-.3 

-.1 

.  2 

.9 

iVJJDIUM  SITE 

10 

1.8 

1.9 

1.8 

1.7 

1.6 

1.4 

1.3 

20 

4*9 

5.6 

5.9 

6.0 

5.8 

5.7 

5.6 

30 

6.3 

8.0 

9.1 

9.6 

10.0 

10.6 

11.2 

40 

4.8 

5.9 

6.9 

7.9 

8.8 

9.5 

10.1 

50 

3.2 

3.9 

4. 5 

5.2 

6.0 

6.7 

7.4 

60 

1.8 

2.1 

2.6 

3.1 

3.9 

4.6 

5.4 

70 

.6 

.9 

1.2 

1.5 

1.9 

2.4 

3.3 

80 

-.3 

-.3 

-.2 

-.2 

-.2 

.6 

1.2 

GOOD  SITE 

10 

3.2 

3.5 

3.4 

3.1 

2.8 

2.7 

2.5 

20 

6.6 

7.6 

8.4 

8.8 

8.9 

8.9 

8.8 

30 

7.0 

8.4 

9.8 

10.7 

12.0 

12.6 

12.9 

40 

5.2 

6.1 

7. 1 

8. 1 

9.1 

10.0 

10.9 

50 

3.5 

4.4 

5.2 

6.0 

6.7 

7.3 

7.7 

60 

1.9 

2.2 

2.7 

3.2 

4.0 

4.7 

5.4 

70 

.7 

1.0 

1.4 

1.7 

2.2 

2.8 

3.5 

80 

0 

0 

.2 

.4 

.6 

1.0 

1.5 

EXG3U3KT  SITS 

10 

4.5 

4.8 

4.8 

4.7 

4.4 

4.2 

4.0 

20 

8.0 

9.6 

10. 8 

11.7 

12.3 

12.5 

12.5 

30 

7.6 

9.5 

11.1 

12.5 

13.7 

14.9 

16.0 

40 

5.8 

7.1 

8.2 

9.1 

9.8 

10.7 

11.4 

50 

3.9 

4.9 

5.8 

6.6 

7.3 

7.9 

8.5 

60 

2.2 

2.7 

3.2 

3.6 

4.1 

4.9 

6.1 

70 

.9 

.  1.8 

2.2 

2.7 

3.1 

3.6 

80 

.2 

.4 

.6 

.8 

1.0 

1.2 

1.6 

1/  If  stend  is  not  IOC  percent  balsam  fir,  reduce  table  values  proportionately. 
2/  This  is  the  averege  age  of  the  dominant  and  codomina  nt  trees  in  the  main 
stand. 


-20- 


Table  12. — Expected  growth  per  acre_during the  next  20  years,  in  rough  cords. 

to  a  varying  top  dj^a^te^^insj. de  bark _o f  not  less  than  4  inches , 
upland  balsam  fir  type  1/ 


BOOR  SITE 


Stand  age  at 


breast  height 


Twenty  years'  growth  in  rough  cords  when  competition  index  is 


c 

.  D 

i      .8  : 

1.0  : 

1.2  i 

1.4 

;  1.6 

10 

1.6 

1.5 

1.4 

1.1 

.9 

.8 

.7 

20 

4.2 

4.2 

4.2 

4.0 

3.8 

3.6 

3.5 

30 

6.9 

7.5 

7.7 

7.8 

7.5 

7.4 

7.3 

40 

6.6 

7.5 

8.5 

9.2 

9.5 

9.8 

9.9 

50 

4.3 

4,9 

5.9 

7.4 

8.6 

9.4 

10.0 

60 

2.1 

2.5 

3.2 

4.2 

5.2 

6.3 

7.5 

70 

0 

.1 

.4 

.7 

1.0 

1.6 

3.2 

FAIR  SITE 

10 

4.3 

4.3 

4.2 

4.0 

3.7 

3.6 

3.5 

20 

9.0 

10.1 

10.6 

10.6 

10.3 

10.1 

10.0 

30 

9.8 

11.6 

13.2 

14.4 

15.3 

15.7 

15.6 

40 

7.4 

8.8 

10.4 

12.0 

13.7 

15.0 

16.0 

50 

4.7 

5.4 

6.6 

7.9 

9.4 

10.8 

12. 1 

60 

2.2 

2.6 

3.4 

4.4 

5.5 

6.6 

7.8 

70 

0 

.2 

.6 

1.0 

1.7 

2.7 

3.7 

I 

SDITM  SITS 

10 

7.2 

7.7 

7.8 

7.7 

7,4 

7.2 

7.1 

20 

12.0 

13.9 

15. 1 

15.7 

15.8 

15.9 

16. 1 

30 

11.4 

13.7 

15.8 

17.5 

18.8 

19.8 

20.7 

40 

8.1 

9.7 

11.4 

13.2 

14.8 

16.0 

17. 1 

50 

5.1 

5.9 

7.1 

8.5 

9.9 

11.2 

12.2 

60 

2.4 

2.9 

3.8 

4.7 

5.9 

7.0 

8.3 

70 

.3 

.8 

1.2 

1.6 

2.1 

2.8 

3.9 

GOOD  SITE 

10 

10.6 

11.6 

12.0 

11.9 

11.7 

11.6 

11,5 

20 

14.5 

16.7 

18.6 

20.2 

21.3 

21.8 

21.8 

30 

12.5 

15.  1 

17.5 

19.7 

21.5 

22.7 

24.0 

40 

8.6 

10.5 

12.4 

14.1 

15.8 

17.4 

18.8 

50 

5.4 

6.5 

7.8 

9.2 

10.7 

11.9 

13.0 

60 

2.6 

3.4 

4.3 

5.2 

6.2 

7.4 

8.7 

70 

.7 

1. 1 

1.6 

2.1 

2.8 

3.5 

4.4 

EX 

:s^le:,t  site 

10 

13.9 

15.4 

16.3 

16.6 

16.7 

16.6 

16,5 

20 

16.9 

20.0 

24.4 

26.0 

27.0 

27.5 

30 

13.7 

16.5 

19.1 

21.5 

23.5 

25.3 

26,8 

40 

9.3 

11.8 

13.6 

15.5 

17.3 

18.7 

19.7 

50 

6.2 

7.6 

9.0 

10.3 

11.5 

12.5 

13.7 

60 

2.9 

3.8 

4.8 

5.7 

6.8 

7.8 

9.0 

70 

.9 

1.7 

2.4 

3.0 

3.7 

4.2 

4.7 

1/  If  stand  is  not  100  percent  balsam  fir,  reduce  table  values  proportionately. 
2/  This  is  the  average  age  of  the  dominant  and  codominant  trees  in  the  main 
stand. 
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13 . ~ rGross  volume  per  acre  in  cubic  feet  inside  bark  (including  stem  and 

stump),  upland  balsam  fir  type  1/ 


SO  OR  SITE 


Stand  age  at 

Cubic' 

-foot  voxume  per  acre  -..hen 

competition  index 

i  s  J 

breast  height-^  : 

.  4  : 

.6 

x«  u  « 

X.  <S 

.      i .  -X  : 

1. 6 

Years 

ID 

J-VJ 

XOU 

190 

240 

280 

310 

320 

330 

Cj  J 

4fc<±U 

570 

710 

830 

920 

960 

980 

OlJ 

O  XU 

1,000 

1,  240 

1,450 

1,610 

1,680 

1,700 

1    i  in 

X,  XXU 

1,420 

1,770 

2,070 

2,290 

2,390 

2,400 

«JU 

X,  OCA) 

1,720 

2,140 

2,530 

2,790 

2,900 

2,930 

en 

DU 

1,460 

1,890 

2,360 

2,790 

3,090 

3,200 

3,230 

70 

1,500 

1,930 

2 , 420 

2,850 

3,  170 

3,300 

3,320 

80 

1,440 

1,860 

2 , 320 

2,720 

3,060 

3,170 

3,190 

90 

1,290 

1,650 

2,100 

2 , 440 

2,740 

2,860 

2,850 

FAIR  SITE 

10 

170 

210 

260 

310 

340 

360 

350 

20 

520 

680 

830 

980 

1,090 

1,130 

1,140 

30 

910 

1,190 

1,450 

1,720 

1,920 

1,980 

2,000 

40 

1,250 

1,640 

2,010 

2,360 

2,620 

2,720 

2,750 

50 

1,490 

1,950 

2,400 

2,S'iO 

3,140 

3,250 

3,300 

60 

1,640 

2,140 

2 , 540 

3,120 

3,460 

3,580 

3,630 

70 

1,690 

2 , 18C 

2,720 

3,210 

3,560 

3,710 

3,740 

80 

1,660 

2 , 130 

2,650 

3, 130 

3,490 

3,640 

3,650 

90 

1,550 

2,030 

2,500 

2,940 

3,280 

3,430 

3,430 

MEDIUM  SITE 

10 

180 

230 

280 

340 

370 

39C 

390 

20 

600 

780 

960 

1,140 

1,260 

1,300 

1,330 

30 

1,030 

1,360 

1,680 

1,980 

2,180 

2,280 

2,300 

40 

1,400 

1,820 

2,270 

2,670 

2,960 

3,080 

3,110 

50 

1,670 

2,170 

2,700 

3,170 

3,510 

3,630 

3,690 

60 

1,830 

2 , 380 

2,970 

3,470 

3,850 

3,980 

4,050 

70 

1,890 

2,450 

3,030 

3,550 

3,970 

4,130 

4,190 

80 

1,88C 

2 , 420 

3,050 

3,510 

3,940 

4,100 

4,150 

90 

1,830 

2,350 

2,950 

3 , 420 

3,830 

3,980 

4.040 

GOOD  SITS 

10 

200 

250 

320 

330 

420 

440 

440 

20 

680 

890 

1,100 

1,300 

1,430 

1,500 

1,520 

30 

1,190 

1,550 

1,910 

2,270 

2 , 480 

2,600 

2,650 

40 

1,580 

2,060 

2,530 

3,010 

3,310 

3,430 

3,490 

50 

1,870 

2,430 

2,990 

3,560 

3,930 

4,050 

4,110 

60 

2,050 

2,680 

3,280 

3,920 

4 , 320 

4,470 

4,510 

70 

2,130 

2,770 

3 , 430 

4,050 

4,480 

4,670 

^,700 

80 

2 , 140 

2,780 

3,460 

4,070 

4,500 

4,720 

4,720 

90 

2,  120 

2,750 

3,400 

4,010 

4,440 

4,550 

4,550 

iCExlENT  SITE 

10 

220 

290 

360 

430 

470 

490 

490 

20 

790 

1,C30 

1,280 

1,480 

1,650 

1,710 

1,740 

30 

1,360 

1,760 

2,200 

2,580 

2,830 

2,960 

2,980 

40 

1,820 

2  •  50 

2,900 

3,410 

3,780 

3,910 

3,980 

50 

2,140 

2,790 

3,430 

4,030 

<i,470 

4,530 

4,720 

60 

2,360 

3,080 

3,790 

4,470 

4,920 

5,110 

5,210 

70 

2,470 

3,220 

3,980 

4,680 

5,150 

5,390 

5,430 

80 

2,490 

3,250 

4,030 

4,730 

5,210 

5,490 

5,490 

9f 

2,480 

3,230 

4,000 

4.720 

5,2C0 

5 , 450 

5,470 

j/lf  stand  is  not  100  percent  baxsam  fir,  reduce  table  values  proportionately. 
2/This  is  the  average  age  of  the  dominant  and  codoninant  trees  in  the  main  stand. 
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Table  14.— Gross 
diameter  inside 


J2®: rSJ9^^.aJ9le^JL0J-J^..  per  acre,  in  rough  .cords,  to  a  varying  top 
bark  of  not  less  than  3  inches,  upland  balsam  fir  type  1/ 

Ij,   JQOR  SITE 


Stand  age  at 


2jf       Rough  cords  per  acre  when  competition  index  is: 


(Years ) 

5  .4 

:  .6 

J      .8  i 

x,  0 

:  IP* 

X.  <x  * 

'1  c 
X.  D 

10 

(3/) 

(37) 

(3/) 



n 

U 

20 

1 

1 

1 

1 

Jl 

T 

X 

X 

30 

3 

3 

4 

3 

3 

kJ 

"7 

O 

re. 
O 

40 

6 

8 

8 

« 

7 
f 

n 

I 

D 

50 

10 

13 

14 

15 

14 

13 

12 

60 

13 

16 

18 

20  , 

20 

19 

17 

70 

14 

17 

19 

22 

23 

22 

21 

80 

14 

17 

20 

22 

23 

23 

22 

90 

13 

16 

18 

20 

22 

22 

22 

fair  site 

10 

(3/) 

(3/) 

(3/) 

(3/) 

(3/) 

(3/1 

(!/) 

20 

2 

2 

2 

2 

2 

2 

2 

30 

6 

•7 

8 

8 

7 

7 

6 

40 

10 

13 

15 

16 

17 

16 

14 

50 

14 

18 

21 

24 

25 

24 

23 

60 

17 

21 

25 

29 

30 

30 

29 

70 

18 

23 

27 

31 

33 

34 

33 

80 

18 

23 

28 

32 

34 

35 

34 

90 

18 

22 

27 

31 

33 

34 

34 

MEDIUM  SITE 

10 

(3/1 

(37) 

(3/0 

W) 

(3/) 

(3/) 

(#) 

20 

3 

3 

3 

4 

4 

3 

3 

30 

8 

10 

11 

12 

12 

11 

10 

40 

13 

16 

20 

22 

23 

23 

21 

50 

17 

22 

26 

30 

32 

32 

30 

60 

20' 

25 

30 

35 

38 

38 

37 

70 

21 

27 

32 

38 

41 

41 

41 

80 

21 

27 

33 

39 

42 

43 

42 

90 

21 

27 

33 

38 

42 

43 

42 

GOOD  SITS 

10 

1 

1 

1 

1 

1 

1 

(3/) 

20 

4 

5 

6 

6 

6 

5 

A 

30 

11 

13 

15 

17 

18 

16 

14 

40 

16 

20 

24 

28 

29 

29 

28 

50 

20 

26 

31 

36 

39 

39 

38 

60 

23 

29 

36 

41 

45 

45 

45 

70 

25 

31 

38 

44 

48 

49 

49 

80 

26 

32 

39 

45 

50 

51 

50 

90 

26 

32 

39 

45 

50 

51 

50 

EXCEilElSTT  SITE 

10 

1 

1 

1 

1 

1 

1 

1 

20 

6 

7 

8 

8 

8 

7 

6 

30 

13 

16 

19 

21 

22 

21 

20 

40 

19 

24 

30 

33 

35 

35 

35 

50 

24 

31 

37 

43 

46 

46 

46 

60 

27 

35 

42 

49 

52 

54 

54 

70 

28 

37 

45 

52 

56 

58 

58 

80 

29 

38 

46 

54 

58 

60 

60 

90 

29 

38 

47 

54 

59 

61 

61 

XJ  If  stand  is 

not  100 

percent 

balsam  fir, 

reduce 

table  values  proportionately. 

2/  This  is  the 

average 

age  of 

the  dominant 

and  codominant  trees 

in  the 

mam 

stand.  3, 

1  Less  than  0.5 

cord. 
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Tablo  15.- 

-Gross  merchanta 

ble  volume  per  acre,  in 

rough  cordsf 

to  a  varvinff  t,<Tn 

diameter  inside 

bark  of  not  less 

■f".  Vi  &  n  A 

inches ,  u^ls 

nd  balsam 

i  ir 

type  j7~ 

POOR  SITS 

Stand  age  at    s          Rough  cords 
breast  height-^/ : 

per  acre 

when  competition  index  is! 

I  years ) 

:  .4 

.6 

:      .8  : 

1  n 

»          1  9 

l           X,mC  % 

l.  £x  : 

1.  b 

10 

0 

0 

0 

ri 

r\ 

'J 

(J 

r\ 
U 

20 

(3/) 

(3/) 

(3/) 

( ^/\ 

'J 

U 

0 

30 

1 

2 

2 

-L 

± 

1 

l 

40 

4 

4 

4 

4 

4 

3 

rz 
O 

50 

8 

9 

g 

9 

8 

7 

c 

D 

60 

10 

12 

13 

14 

13 

12 

-LU 

70 

12 

14 

15 

16 

17 

16 

80 

12 

14 

16 

18 

18 

18 

90 

12 

14 

16 

17 

18 

18 

16 

FAIR  SITE 

10 

0 

r\ 

■j 

0 

0 

u 

O 

0 

20 

JL 

i 
j. 

1 

1 

1 

1 

t  rz  j\ 

(3/) 

30 

4 

4 

4 

4 

4 

3 

2 

40 

9 

10 

11 

12 

11 

10 

8 

50 

12 

15 

17 

19 

19 

18 

16 

60 

15 

18 

21 

23 

25 

24 

22 

70 

16 

20 

24  . 

26 

28 

28 

26 

80 

17 

21 

25 

28 

30 

30 

29 

90 

16 

20 

24 

28 

30 

30 

29 

2JDITJM  SITS 

10 

(3/) 

(3/) 

(3/) 

0 

0 

0 

0 

20 

2 

2 

2 

2 

2 

1 

1 

30 

6 

7 

8 

8 

7 

6 

5 

40 

12 

14 

16 

17 

17 

16 

15 

50 

15 

19 

23 

25 

26 

25 

24 

60 

18 

23 

27 

30 

32 

32 

30 

70 

20 

25 

30 

33 

36 

36 

35 

80 

20 

26 

31 

35 

38 

39 

38 

90 

20 

26 

31 

35 

38 

39 

38 

GOOD  SITS 

10 

(3/) 

(3/) 

W) 

(3/) 

(3/) 

(3/) 

0 

20 

3 

4 

3 

3 

2 

2 

30 

9 

10 

12 

12 

12 

11 

9 

40 

15 

18 

21 

23 

24 

23 

21 

50 

19 

24 

28 

32 

33 

33 

32 

60 

21 

27 

33 

38 

40 

40 

39 

70 

23 

29 

36 

41 

44 

45 

44 

80 

24 

30 

37 

43 

46 

48 

47 

90 

24 

30 

37 

43 

47 

48 

47 

Sa 

IS-lIENI  SITS 

10 

75/) 

(3/) 

(3/) 

(3/) 

W) 

(3/) 

(3/) 

20 

A 
** 

5 

5 

5 

5 

4 

3 

30 

11 

14 

16 

17 

17 

16 

14 

40 

17 

22 

26 

29 

31 

30 

29 

50 

22 

28 

33 

38 

40 

41 

40 

60 

25 

32 

39 

45 

48 

48 

47 

70 

27 

35 

42 

48 

52 

53 

53 

80 

28 

36 

44 

50 

55 

56 

56 

90 

28 

36 

44 

51 

56 

57 

57 

1 /If  stand  is  not  100  percent  ba 

isam  fir, 

reduce 

table  values 

proportionately. 

2/  This  is 

the  average  age 

of  the 

dominant 

and  codominant  trees  in  the  main 

stand. 

3/  i.ess  than 

0.5  cord. 
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D.b.h. 

class 


•Cumulative  table  of  basal  area  _£or acre  for  tree  tallies  on  1/10- 

acre  plots  only 


3asal  area  per  acre  in  square  feet  for  the  following  number  of 

trees  listed  on  l/lO-acre_  plot —  

Tens  i    0    :    1    :    2    :~    5    :    4    :    5    :    6    I    7    :    8    :  9~~ 


Inches  Square  feet 

0  ..  .05  .10  .15  .20  .25  .30  .35  .40  .45 
10+  .50  .55  .60  .65  .70  .75  .80  .85  .90  .95 
20+  1.00  1.05  1.10  1.15  1,20  1.25  1.30  1.35  1.40  1.45 
1  30+  1.50  1.55  1.60  1.65  1.70  1.75  1.80  1.85  1.90  1.95 
40+  2.00  2.05  2.10  2.15  2.20  2.25  2.30  2.35  2.40  2.45 
50+  2.50  2.55  2,60  2.65  2.70  2.75  2.80  2.85  2.90  2.95 
 60+  3.00  3.05  3*10  3.15  3.20  3.25  3.30  3.35  3.40  3.45 


3 

10+ 
20+ 
30+ 
40+ 
50+ 


.  • 

2.20 
4.40 
6.60 
8.80 


.22 
2.42 
4.62 
6.82 
9.02 


.44 
2.64 
4.84 
7.04 
9.24 


•  65 
2.86 
5.06 
7.26 
9.46 


.88 
3.08 
5.28 
7.48 
9.68 


1. 10 
3.30 
5.50 
7.70 


1.32 
3.52 
5.72 
7.92 


1.54 
3.74 
5.94 
8.14 


1.76  1.98 

3.96  4.18 

6.16  6.38 

8.36  8.58 


0 
10+ 
20+ 
30+ 
40+ 


9.90  10.12  10.34  10.56  10.78 

11.00  11.22  11.44  11.66  11.88  12.10  12.52  12.54  12.76  12.98 

1.47     1^96    2.45  2.94  3.43  3.92  4.41 

6.37     6.86     7.35  7.84  8.33  8.82  9.31 


L.9C 
!.80 


.49 
5.39 


.98 
5.88 


0 
10+ 
20+ 
30+ 
40+ 


0 

10+ 
20+ 
30+ 


10.29  10.78  11.27  11.76  12.25  12.74  13.23  13.72  14.21 
14.70  15.19  15.68  16.17  16.66  17.15  17.64  18.13  18.62  19.11 
19.60  20.09  20.58  21.07  2 1.56  22.05  22 .54  23.03  23.52  24.01 
.87     1.74    2.61    3.48    4.35    5~.22    6.09    6.96  7.83 
8.70    9.57  10.44  11.31  12.18  13.05  13.92  14.79  15.66  16.53 
17.40  18.27  19.14  20.01  20.88  21.75  22.62  23.49  24.36  25.23 
26.10  26.97  27.84  28.71  29.58  30.45  31.32  32.19  33.06  33.93 
34.80  35.67  56.54  57.41  38.28  39.15  40.02  40.89  41. 76  42.65 
..     1.56     2.72    4.08~   5.44    6.80    8.16    9.52  10.88  12.24 
13.60  14.96  16.32  17.68  19.04  20.40  21.76  23.12  24.48  25.84 
27.20  28.56  29.92  31.28  52.64  54.00  55.56  56.72  58.08  59.44 
40.80  42.16  45.52  44.88  46.24  47.60  48.96  50.52  51.58  55.04 


0 

10+ 
20+ 


19.60 

59.20 


1.96 
21.56 
41.16 


5.92 
23.52 
43.12 


5.88 
25.48 
45.08 


7.84 

27.44 
47 . 04 


9.80 
29.40 
49.00 


11.76 
31.56 
50.96 


15.72 
53.32 
52.92 


15.68 
35.28 
54.88 


17.64 
37.24 
56.84 


0 
10+ 


26.70 


8 

0 

•  • 

3.49 

6.98 

10+ 

34.90 

38.59 

41.88 

9 

0 

•  ♦ 

4.42 

8.84 

10 

0 

•  ft 

5.45 

10.90 

11 

0 

•  o 

6.60 

15.20 

12 

0 

•  ft 

7.85 

15.70 

13 

0 

•  • 

9.22 

18.44 

14 

0 

*  • 

10.69 

21.58 

15 

0 

•  • 

12.27 

24.54 

16 

0 

Q  • 

15.96 

27.92 

17 

0 

•  • 

15.76 

51.52 

18 

0 

•  ft 

17,67 

35.34 

19 

0 

•  9 

19.69 

39.38 

20 

0 

ft  0 

21.82 

43.64 

21 

0 

•  ft 

24.05 

22 

0 

•  • 

26.40 

23 

0 

•  ft 

28.85 

2.67 
29.37 


5.34 
32.04 


8.01 
34.71 


10.68 
37.58 


13.55 
40.05 


16.02 
42.72 


18.69 
45.59 


21.56 
48.06 


24.05 
50.75 


10.47 
45.57 


15.96 
48.86 


17.45 
52.55 


20.94 
55.84 


15.26 
16.55 
19.80 
25.55 
27.66 
32.07 
36.81 
41.88 
47.28 


17.68 
21.80 
26.40 
31.40 
36.88 
42.76 
49.08 
55.84 
63.04 


22. 10 
27.25 
35.00 
59.25 
46.10 
55.45 
61.55 


26.52 
32.70 
39.60 
47.10 
55.32 
64. 14 
73.62 


24.43 
59.53 
50.94 
58.15 
46.20 
54.95 
64.54 
74.83 
85.89 


27.92 
62.82 


31.41 
66.31 


55.36 
45.60 
52.80 
62.80 
75.76 
85.52 
98.16 


59.78 
49.05 
59.40 
70.65 
82.98 
96.21 


Example:     If  there  are  56  two-inch  trees 
on  a  l/19-acre  plot,  the  basal  area  per 
acre  of  2-inch  trees  will  be  found  in 
the  sixth  line  under  2-inch  d.b.h.  as 
12.52  square  feet. 
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